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COPYRIGHT:  The concepts and information contained in this 
document are the property of Sinclair Knight Merz Pty Ltd. Use or 
copying of this document in whole or in part without the written 
permission of Sinclair Knight Merz constitutes an infringement of 
copyright.  
LIMITATION:  This Overland Flood Study and Plan has been 
undertaken by Sinclair Knight Merz Pty Ltd (SKM ) for the sole 
purpose of determining overland flood conditions in Cowra and to 
assist in the development of a management plan addressing 
overland flooding issues in the study area, in accordance with the 
scope of services set out in the contract between SKM and 
Cowra Shire Council.  That scope of services, as described in this 
report, was developed with Cowra Shire Council.   
In undertaking this assessment, SKM has relied upon, and 
presumed accurate, certain information (or absence thereof) 
provided by the Client and other sources.  Except as otherwise 
stated in the report, SKM has not attempted to verify the accuracy 
or completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete 
then it is possible that our observations and conclusions as 
expressed in this report may change. 

SKM derived the data in this report from a variety of sources. The 
sources are identified at the time or times outlined in this report. 
The passage of time, manifestation of latent conditions or impacts 
of future events may require further examination of the project 
and subsequent data analysis, and re-evaluation of the data, 
findings, observations and conclusions expressed in this report. 
SKM has prepared this report in accordance with the usual care 
and thoroughness of the consulting profession, for the sole 
purpose of the project and by reference to applicable standards, 
procedures and practices at the date of issue of this report. For 
the reasons outlined above, however, no other warranty or 
guarantee, whether expressed or implied, is made as to the data, 
observations and findings expressed in this report. 

This report should be read in full and no excerpts are to be taken 
as representative of the findings.  No responsibility is accepted by 
SKM for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive 
use of, Cowra Shire Council, and is subject to, and issued in 
connection with, the provisions of the agreement between SKM 
and Cowra Shire Council.  SKM accepts no liability or 
responsibility whatsoever for, or in respect of, any use of, or 
reliance upon, this report by any third party.
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Executive Summary 
Overland flooding has been identified as a problem for a number of private properties in Cowra. An 
assessment of overland flooding was undertaken for two local catchments in Cowra, namely the 
West Cowra Drain and the Fitzroy Street local catchments. The West Cowra Drain catchment is 
located to the west of the Lachlan River and is comprised of rural, residential and light industrial 
properties. Flood-affected properties are residential properties in this area. The Fitzroy Street 
catchment is located close to Cowra town centre, and is comprised of residential and commercial 
land uses. Flood-affected properties in this area are commercial and light industrial properties. 

A review of available data was undertaken, including previous studies relevant to the study area, 
spatial and survey data from Council, information on recent flooding in December 2010 and March 
2012, and responses to flood questionnaires from the community, including local residents and 
business owners. A site visit was also undertaken by Sinclair Knight Merz in May 2010. 

West Cowra 

The flooding assessment in West Cowra was based on hydrologic and hydraulic modelling 
previously undertaken by JWP (2001). Updates to the XP-RAFTS hydrologic model included: 

 Reducing the catchment imperviousness in the model to levels which reflect the existing, 
partially developed catchment. The previous modelling had assumed a fully developed 
catchment; and 

 Increasing the initial rainfall losses from 5mm, which were considered to be overly 
conservative, to 10mm. 

Updates to the HEC-RAS hydraulic model included: 

 Update of the modelled culverts at Lyall St from 2 x 2.1m x 1.2m box culverts to 2 x 1.1m x 
0.9m to match the corresponding set of culverts in the XP-RAFTS model, for consistency.  

 The model was also updated to reflect the existing channel geometry based on the cross 
section profiles in the JWP (2001) report.  

 Input peak flows were also updated to account for the full range of storm events between 30 
minutes and 9 hours duration. 

Scenarios assessed included existing and ultimate development conditions, and with and without a 
flood detention basin upstream of Lyall Street. The findings of the West Cowra flooding 
assessment were: 

 Peak 100 year ARI flows increase by 25-60% from the existing catchment to the ultimate 
development conditions catchment. 

 The greatest reductions in flood levels due to formalised detention occurs in the reach 
between Lyall St and Waratah St, followed by the reach between Walker St and Lyall St.  
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 The greatest reductions in flood levels due to formalised detention occur for the 5 year ARI 
event (up to 2m), followed by the 100 year ARI event (up to 1.4m) and finally the PMF event 
(up to 0.16m). This is due to the culvert upgrade at Lyall St and Walker St, and the channel 
regrading downstream of Lyall St. 

Two detention scenarios were assessed, including Option 2, with a basin located upstream of Lyall 
Street, and Option 1A+2, with a basin located upstream of the Railway (1A) in addition to the 
Option 2 basin. There is virtually no difference between the flood levels for the combined detention 
Option 1A+2 and detention Option 2. Hence, Option 2 is the preferred option, as it requires the 
construction of only one basin. 

Flood damages for the West Cowra Drain were estimated based on the Office of Environment and 
Heritage Guidelines (2007). The model identified that there was above floor flooding was for one 
property (42 Walker Street) in the 100 year ARI event for both existing and ultimate catchment 
conditions. Average Annual Damages (AAD) were estimated for residential properties at about 
$46,500 and $49,650 (2013 dollars) for existing and ultimate catchment conditions (no detention), 
respectively. The AAD is equal to the total cost of damage caused by floods over a long period of 
time, divided by the number of years in that period. 

An economic assessment was undertaken for the Option 2 basin. Based on a construction cost of 
$1.5 million, a benefit-cost ratio of 0.36 was estimated for the existing catchment conditions, which 
is considered unfeasible and, without likely significant improvements in flood risk to people and 
property, is considered a low-priority option for implementation. 

Other mitigation options were identified in consultation with Council, including diversion 
channels/pipes, an upgraded downstream drainage system, flood proofing berms for affected 
properties and installation of a pump system to evacuate ponded water which results in the mid-
Western Highway and Young Road being closed during heavy rainfall events. The evaluation of the 
mitigation options is given in Table 5-1, with the high priority options being presented in Table 1. 

Fitzroy Street 

Parts of Fitzroy Street have been identified by Council as being potentially at risk from overland 
flooding and inadequate drainage. Runoff collects in the sag in Fitzroy Street, between Railway 
Street and Kendal Street, then flows out of the road corridor through a driveway on a commercial 
premise on the eastern side of Fitzroy Street (Cowra Tyre and Brakes). Flows are conveyed in an 
overland flow path and are temporarily stored upstream of the railway embankment, before 
discharging to Waugoola Creek through a culvert in the railway embankment.  

The corridor from the road sag and through the Cowra Tyre and Brakes driveway, is a historic 
natural flow path that was piped and built over approximately 30 years ago. There is an existing pit 
and pipe system, which drains the road sag and connects to the culvert under the railway 
embankment, however, this system has limited capacity. 

A number of commercial properties would potentially be affected by flooding in Fitzroy Street: 
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 Waugoola Motors: Flood levels are controlled by either the road crest level (299.24m AHD) or 
the driveway crest level within the Cowra Tyre and Brakes premises (299.22m AHD), 
depending on the storm runoff volume. 

 Cowra Tyre and Brakes: Flood levels are controlled by the driveway crest level within the 
premises (299.22m AHD). 

 Bell’s Super Seconds: Flooding of this store may occur due to high flood levels in the road sag, 
but may also be subject to runoff overflowing from Kendal Street, which has not been 
assessed in this study. 

 Aldi Supermarket: May be affected by high flood levels in the road sag.  

Flood risk to the business properties in Fitzroy Street has been identified and is considered in the 
flood damages assessment. There is also the potential risk to the public and to cars parked in the 
street due to flooding. The existing road geometry at the sag is such that the road crown is 0.6m 
higher than the gutter level. Hence, flood depths are likely to exceed 0.6m during significant storm 
events and would be potentially hazardous to people in the street and is highly likely to cause 
damage to any parked cars. 

An XP-RAFTS model was set up to estimate catchment inflows to the Fitzroy Street sag. A 
DRAINS model was then developed to represent the complex drainage conditions, which included 
the storages in the western and the eastern side of the Street and a short length of the pit and pipe 
system. This allowed the flood behaviour at this location to be simulated, whereby the western 
storage has been observed to fill up before spilling into the eastern storage. In smaller flood events, 
only the western storage fills up. Flood levels for the 5, 20 and 100 year ARI events were estimated 
in the DRAINS model. A separate HEC-RAS hydraulic model was set up for assessment of the 
Probable Maximum Flood (PMF). 

Commercial property flood damages were estimated based on stage-damage data provided by the 
businesses on Fitzroy Street. An AAD of about $25,000 was estimated. 

Mitigation options considered for Fitzroy Street were: 

 Regrading the Cowra Tyre and Brake driveway (the driveway) to lower it’s crest level 
(controlling the ponded water level). This option does not remove flooding problems on the 
western side of the road which currently experiences up to, and greater than, 0.6m depth of 
flooding.    

 Regrading of road profile to allow floodwaters to flow more readily from the western to the 
eastern side of the road. This would involve raising the gutter level and flattening the road 
crossfall. Raising the gutter level on both sides of the street would also reduce the depth of 
flooding (currently up to 0.6m) which would cause damage to cars parked in the street in 
addition to posing a risk to public safety. The existing stormwater pits in the sag would need to 
be replaced with high capacity inlet pits (e.g. 1.5m x 1.5m grated inlet) to ensure that the flood 
levels are not raised by the road regrading. 



Cowra Overland Flood Study and Plan 
 

SINCLAIR KNIGHT MERZ       
I:\ENVR\Projects\EN02807\Deliverables\Reports\Final Report\EN02807_Final_Report Dec 2013.docx PAGE 4 

Priority needs to be given to regrading the Cowra Tyre and Brake driveway crest, as this is the 
existing control on Fitzroy Street flood levels. Regrading the road would be in combination with 
driveway modification. The PMF level is unlikely to be affected by the mitigation options, and hence 
has been assumed to remain constant. Amplifying the existing pipe system was considered to be 
unfeasible and of limited benefit, due to the relatively small increase in flow capacity and high cost. 

Regrading of the driveway into Cowra Tyre and Brake, in addition to regrading the gutter levels in 
Fitzroy Street is less cost-effective than regrading the driveway alone, based only on estimated 
flood damages to commercial properties. However, this option would significantly reduce the 
depths of flooding in the western side of the street and, therefore, the risk to the public and to 
property, particularly in relatively frequent events such as the 5 year ARI design event. Regrading 
the driveway alone will not mitigate flooding on the western side of Fitzroy Street. This option is 
therefore recommended for consideration by Council. 

The business named Bell’s Super Seconds, located on the corner of Fitzroy Street and Kendal 
Street, was included in the flood damages assessment for the Fitzroy Street catchment. It is 
thought that flooding experienced in previous storms originated from overflows from Kendal Street, 
which were not analysed during the study. Minor works to the kerb, gutter and footpath on Kendal 
Street, or retrofitting of the premises with flood-proofed doors, would assist in mitigating future 
flooding of the premises. Regrading the footpath to a lower elevation to provide a step-up at the 
front door of the store is likely to eliminate runoff entering the premises via this door. 
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 Table 1 Summary of Mitigation Options (Priority 1 only) 

Option  Cost  Advantages Disadvantages Priority 
(1 = highest; 3 = lowest) 

West Cowra Drain 
Diversion pipeline from 
West Cowra Drain 
(Waratah St) to Lachlan 
River 

$670K 

 

 Shallow trenching depths 

 Would increase the drainage 
capacity downstream of the West 
Cowra Drain 

 Likely flood benefits for properties 
on Lyall Street, Walker Street and 
Hassan Street 

 Likely to be limited in capacity to below 
5 year ARI flow with minor 
improvement to 100 year ARI flooding 

 Requires further hydraulic and flood 
damages assessments 

1 

Construction of earth 
berms for property flood 
proofing 
(completed) 

$50K 
(prelim est.) 

 

 Relatively low cost 

 Likely to reduce over-floor flooding 
to nominated properties 

 Requires further site-specific 
investigation to determine 
constructability on selected properties 

 

1 

Flood proofing of 
buildings with flood-
resistant material 

N/A 
Not 
Assessed 

 Reduces susceptibility of buildings 
to flood damage 

 Typically implemented as a 
supplementary measure in addition to 
structural measures 

1 

Installation of pump out 
well at the Tourist 
Information Centre and 
bored pipeline under 
Boorowa Rd 

$50K 

 

 Reduces duration of closure of 
Grenfell Rd/Boorowa Rd following 
flood/storm events 

 Eliminates need for portable pumps 
to be mobilised and extended road 
closures for the pump hose to cross 
the road. Reduces manning of the 
pumps during operation  

 Small reduction of flood damages to 
affected properties 

1 
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Fitzroy Street 

Regrade driveway of 
Cowra Tyre and Brake 

$150K  Higher benefit-cost ratio (0.56) 

 Lower cost and magnitude of works 

 

 Does not improve flooding in the 
roadway or risk to property and people 
due to deep ponding on western side 
of Fitzroy St  

1 
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1. Introduction 
Sinclair Knight Merz (“SKM”) was engaged by Cowra Shire Council (“Council”) to investigate 
overland flooding behaviour and mitigation options in the West Cowra Drain and Fitzroy Street 
Catchments in Cowra. This Flood Study and Plan Report describes the hydraulic assessment of 
overland flooding in the study area locations, estimation of flood damages and an economic 
assessment of potential mitigation options identified in consultation with Council. A number of 
mitigation options have been recommended for implementation or further investigation, based on 
the economic and feasibility assessment. 

This report is structured with the following sections: 

1) Introduction (this section); 

2) Collection and Review of Available Data – from Council and other sources; 

3) Strategic Assessment of Flooding Issues – describes the hydrologic and hydraulic 
assessment in the study area, including estimation of peak flows and flood levels; 

4) Flood Damages and Mitigation Options – estimation of flood damages and a benefit-cost 
assessment of potential mitigation options; and 

5) Summary of Outcomes – including recommendations of options for implementation or further 
investigation. 
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2. Collection and Review of Available Data 
2.1. Site Visit 

A site visit was undertaken by SKM in May 2010, with a number of photographs taken and site 
observations made of the Fitzroy Street and West Cowra study areas. 

2.2. Previous Studies 

A number of previous studies have been undertaken for the West Cowra Drain. Two studies were 
of direct relevance to this study and are described below. 

JWP (2001) West Cowra Watercourse Flood Study and Drainage Strategy 

The JWP study investigated the flood behaviour for the West Cowra Drain for the existing 
catchment terrain, involving hydrologic modelling in XP-RAFTS and hydraulic modelling in HEC-
RAS. The XP-RAFTS model includes the catchment area (refer to Figure 3-1) upstream of Walker 
Street. The HEC-RAS model covers the section of West Cowra Drain from Fishburn Street at the 
upstream boundary to the olive grove on the property at 78 Grenfell Road, 90m downstream of 
Walker Street. 

The modelling assumed fully developed catchment conditions according to the development 
potential of the various land parcels within the catchment. Existing informal flood detention, 
representing the storage volume upstream of several raised road crossings of the Drain, were 
accounted for in the assessment. Flood events assessed included the 5 and the 100 year Average 
Recurrence Interval (ARI) events.  

Conceptual options for mitigating flooding in the West Cowra Drain were assessed. These options 
consisted of formal detention basins at two locations in the catchment (one basin upstream of Lyall 
St and another upstream of the Railway Viaduct), in addition to regrading of the channel 
downstream of Lyall St.  

The JWP study concluded that “Option 2” should be considered in further detail. This involves 
formalisation of the detention storage in the area between Waratah St and Lyall St and increasing 
the storage volume from 40,000m3 to 63,500m3, including regrading of the basin area to 293.3m 
AHD and regrading of the channel downstream of Lyall St. However, in other parts of the Report it 
was recommended that “Option 1A+2”, which involves an additional 11,400m3 detention basin 
upstream of the Railway, should be considered. Cost-benefit of the proposed mitigation measures 
and flood damages were not estimated as a part of the JWP study. 

The XP-RAFTS hydrologic model and the HEC-RAS hydraulic model for the fully developed 
catchment conditions and representing Option 1A + 2, were available to this study. 
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SMEC (2006) Cowra and Gooloogong Floodplain Risk Management Study and Plan 

The SMEC study estimated the flood damages and considered potential mitigation options for the 
West Cowra Drain, based on the modelling undertaken by JWP. Average Annual Damages (AAD) 
for the residential sector in West Cowra was estimated to be $1,700 in total (2006 prices), with a 
total AAD of $22,100 with the inclusion of commercial property and infrastructure damages. Five 
residential properties were estimated to experience above-floor flooding in the 100 year ARI flood 
in West Cowra. 

Table 7.5 in this Floodplain Risk Management Plan (FRMP) recommended that the following 
options be investigated in further detail for West Cowra: 

 Property Modification Measures 
– LEP amendments 
– Building and development controls 
– House raising  
– Flood access 

 Response Modification Measures 
– Community awareness 
– Community preparedness 
– Flood warning and emergency plans 
– Evacuation procedures 
– Recovery procedures. 

The previously recommended flood detention basins and culvert/channel/road crossing upgrades 
were not evaluated by SMEC, as it was stated in the FRMP that these measures had already been 
partially or fully constructed. However, it is SKM’s understanding from Council advice that this is 
not the case. 

Floodplain management in response to impacts from mainstream Lachlan River flooding was also 
assessed by SMEC for properties in Cowra and Gooloogong, although this is not within the scope 
of this current study. 

2.3. Spatial and Survey Data 

Various spatial and survey data was obtained from Council, including:  

 Topographic contour data; 

 Aerial photography; 

 Cadastre and street address layers; 

 Concept designs of proposed mitigation works in West Cowra; 

 Ground spot levels at various locations in Fitzroy Street; and 

 Floor level survey for properties in West Cowra and Fitzroy Street. The floor levels provided by 
Council are presented in Appendix A. 
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2.4. Information on Recent Flooding 

2.4.1. Information from Council 
Council provided information on two significant storm events which occurred on the 9th and 10th 
December 2010. The storm on 10th December was the larger storm of the two, with 106mm of 
rainfall occurring over a period of 8 hours. Pluviograph data for the storm event was obtained from 
the Office of Environment and Heritage’s (then DECCW) Cowra Research Centre site on Evans 
Street.  This data is represented in Appendix B. 

Council staff reported that floodwaters ponded in the western side of the Fitzroy Street sag, and 
crossing over the grassed verge and footpath on the western side of the Street, although it did not 
enter any buildings nor did it affect the outdoor showroom of Waugoola Motors (which is the lowest 
floor level on that property). 

In West Cowra, yard flooding was reported at 57 Walker Street, and it is believed to have occurred 
on a number of other properties. Above-floor flooding was reported for the dwelling at 7 Hassan 
Street, and garage flooding occurred on the property at 5 Hassan Street. Note that these two 
properties on Hassan Street were not previously considered as being flood-prone and were only 
identified as being so during the course of this study. They were not included in previous flood 
damages assessments, and ground and floor level survey is not available. Hassan Street is at the 
downstream boundary of the HEC-RAS model and the estimated flood levels are highly influenced 
by the adopted boundary conditions in the model. Flooding of Hassan Street is believed to be 
caused by backwater from the olive grove at 78 Grenfell Road, and could be assessed 
independently of the HEC-RAS model. 

In addition to Hassan Street, Walker Street was reported to have been inundated as a result of 
flooding from the West Cowra Drain. Young Road and Grenfell Road were also flooded by 
floodwaters breaking out from the Lachlan River. The duration of flooding was not reported, but 
was sufficiently long enough to warrant the set up of road blocks at the flooded locations. 

2.4.2. Information prepared for SES 
Extracts from a draft report, prepared by Lyall & Associates (2013) for the SES, on the December 
2010 and March 2012 Lachlan Valley floods were provided by the Office of Environment and 
Heritage (OEH), and are contained in Appendix D. The report included information on overland 
flooding in Cowra.  The main findings relevant to this study were: 

 December 2010 flood:  

 Localised flooding occurred at the intersection of the Mid-Western Highway (Grenfell 
Road) and Young Road, due to elevated flood levels in the Lachlan River preventing the 
stormwater system from draining the road intersection area. Flooding affected the 
adjacent Lachlan Steel & Industrial Supplies premises to a depth of 300mm, and the Mobil 
Service Station. The floodwaters at the intersection were initially pumped out to the 
racecourse, with Council eventually cutting a trench through the footpath on the northern 
side of Grenfell Road to allow floodwater to drain away. 
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 Local catchment runoff from the West Cowra Drain inundated several properties located 
immediately to the west of the olive grove at 78 Grenfell Road. Local SES crew were 
required to dig a trench to drain floodwater accumulating on the property at 80 Grenfell 
Road into the adjacent olive grove. 

 The owner of 68 Lyall Street deployed sandbags to prevent floodwaters from entering 
under the residence. Floodwaters entered the garage. The owner reported that 
floodwaters were close to overtopping the crown of Lyall Street at the sag. 

 March 2012 flood 

 The March 2012 flood was smaller in magnitude when compared to the December 2010 
flood in the West Cowra Drain.   

 Localised flooding again occurred at the intersection of the Mid-Western Highway 
(Grenfell Road) and Young Road. Council employed pumps at the Rose Garden car park 
for up to 5 hours to evacuate the water, and only removed the pumps when the Lachlan 
River level fell below 11m on the flood gauge. The Lachlan Steel premises were again 
inundated, although only to a depth of 50mm. 

 Flooding was experienced along the West Cowra Drain, with the resident of 10 Hassan 
Street evacuated due to the home being inundated. Floodwaters entered the house 
through the back door and exited through the front door. The owner of 53 Walker Street 
advised that floodwater surrounded the porch of his home. Council removed several pipes 
(access track crossings) immediately downstream of Walker Street during the flood event, 
however, these did not greatly reduce flood levels on 53 Walker Street. 

It was recommended that Council investigate measures aimed at reducing the impacts of flooding 
along the West Cowra Drain. It was also recommended that measures be put in place to reduce 
the frequency of flooding of the Bulkhead Road railway underpass, as this road is used for access 
when the Lachlan Valley Way is inundated by floodwaters from the Lachlan River. 

2.5. Community Responses to the Flood Questionnaires 
Flood questionnaires were distributed to residents in West Cowra and to selected businesses on 
Fitzroy Street. In West Cowra, 93 residents responded to the survey, providing information on the 
community’s experience of flooding, areas identified as flood-prone and the community’s priorities 
regarding floodplain management. In general, a small proportion of those surveyed in West Cowra 
had experienced flooding in the past, and this was mainly minor yard damage. The average 
duration lived in the area was 17 years, based on 43 responses. The majority of respondents 
placed high priority on the protection of residences and businesses from flooding. A detailed 
summary of the community survey is presented in Appendix C. 

In Fitzroy Street, four businesses were surveyed, including: 

 Waugoola Motors; 

 Cowra Tyre and Brakes; 

 Bell’s Super Seconds; and 

 Aldi Supermarket. 
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Each provided information on whether flooding had been experienced on the premises in the past. 
Only Bell’s Super Seconds stated that flooding had affected the store in the past, however, this is 
suspected to have been due to stormwater runoff ingress. All, except Aldi Supermarket, provided 
information on flood depth versus likely damage costs, that is, if the businesses were to be flooded 
to a certain depth then this would be the likely damage. 

 

 Plate 1 Flooding in West Cowra Drain at Waratah Street following 9 December 2010 
event. 
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3. Strategic Assessment of Flooding Issues 
3.1. West Cowra 

As a part of assessing the flooding issues related to West Cowra, SKM undertook a review of the 
existing modelling and provided updates where this was considered necessary, as described 
below. Findings from the previous studies were updated based on this revised information. 

3.1.1. Review and Update of Hydrologic Modelling 

Following the review of the JWP (2001) study and hydrologic modelling, it was noted that a 
scenario representing ultimate catchment development conditions was adopted. Sub-catchment 
imperviousness typically ranged from 30 – 50%. It was considered necessary to estimate the flood 
event flows for the existing catchment development levels, and subsequently, the existing flood 
behaviour and impacts.  

The existing catchment imperviousness was estimated for the XP-RAFTS sub-catchments based 
on Council’s aerial photography and is summarised in Table 3-1. The sub-catchment boundaries 
are shown on Figure 3-1. 

 Table 3-1 West Cowra Sub-Catchment Imperviousness 

Catchment Total Area (ha) 
% Impervious 

Existing Developed 

1.00 145.6 2% 30% 

1.01 47.1 8% 30% 

1.02 21.7 18% 30% 
1.03 16.4 13% 40% 

1.05 25.8 20% 40% 

1.07 4.44 34% 50% 

1.08 4.44 21% 50% 
2.00 52.9 6% 30% 

3.00 17.1 5% 40% 

4.00 27.1 12% 40% 

Total 362.6 8% 33% 
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 Figure 3-1 West Cowra XP-RAFTS Hydrologic Model Sub-Catchment Boundaries

 
Imagery source: ESRI, i-cubed, USDA FSA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGP. 

 

West Cowra Drain 
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Based on the above, the JWP XP-RAFTS model was adjusted to represent the existing and 
developed catchment, with the existing and recommended levels of flood detention. 

A value of 5mm was previously adopted for the initial rainfall losses for the pervious areas. This 
was considered overly conservative for estimating design flow rates, and hence was also revised 
for this study. A value of 10mm initial loss for the pervious areas was adopted for this study, which 
is consistent with the lower range of values recommended in Australian Rainfall and Runoff (2001) 
for ungauged catchments in NSW. Sensitivity analysis of the impact of the initial losses on peak 
flows is discussed in Section 3.1.4.  

The 5 and 100 year ARI events were modelled in XP-RAFTS. The PMF was also modelled, with 
the Probable Maximum Precipitation estimated based on the methodology in The Estimation of 
Probable Maximum Precipitation in Australia: Generalised Short Duration Method (BOM, 2003). 

3.1.2. Review and Update of Hydraulic Modelling 
The JWP HEC-RAS model for proposed (with detention basins) conditions was reviewed. The 
model extends from Fishburn Street in the south (upstream) to 90m downstream of Walker Street 
to the north. The downstream boundary condition has been modelled as a critical depth boundary. 
Hassan Street is located at the downstream boundary of the model and the estimated flood levels 
at Hassan Street are highly influenced by the adopted boundary conditions.  For the purposes of 
this study, flood levels at properties on Hassan Street were assumed to be the equal to the flood 
levels at the downstream face of the Walker Street culvert. 

An update of the model involved: 

 The culverts at Lyall St were updated from 2 x 2.1m x 1.2m box culverts to 2 x 1.1m x 0.9m to 
match the corresponding set of culverts in the XP-RAFTS model, for consistency.  

 The model was also updated to reflect the existing channel geometry based on the cross 
section profiles in the JWP (2001) report. The adopted Manning’s n values were considered to 
be appropriate for the ground surface type.  

 Input peak flows were also updated to account for the full range of storm events between 30 
minutes and 9 hours duration. 

3.1.3. Updated Flood Levels 
Flood levels were estimated based on the updated hydrologic and hydraulic modelling for the 5 and 
100 year ARI events and the PMF event. In summary, the following scenarios were modelled: 

 Existing catchment development, no formalised detention; 
 Existing catchment development, with formalised detention (Option 1A+2); 
 Existing catchment development, with formalised detention (Option 2 only); 
 Ultimate catchment development, no formalised detention;  
 Ultimate catchment development, with formalised detention (Option 1A+2); and 
 Ultimate catchment development, with formalised detention (Option 2 only). 



Cowra Overland Flood Study and Plan 
 

SINCLAIR KNIGHT MERZ       
I:\ENVR\Projects\EN02807\Deliverables\Reports\Final Report\EN02807_Final_Report Dec 2013.docx PAGE 10 

Figure 3-2 and Figure 3-3 present the flood surface profiles for the existing and the ultimate 
development conditions, respectively. The “no formalised detention” and “with formalised detention” 
scenarios are shown on each figure. 

The findings are summarised below: 

 Peak 100 year ARI flows increase by 25-60% from the existing catchment to the ultimate 
development conditions catchment. 

 The greatest reductions in flood levels due to formalised detention occurs in the reach 
between Lyall St and Waratah St, followed by the reach between Walker St and Lyall St.  

 The greatest reductions in flood levels due to formalised detention occur for the 5 year ARI 
event (up to 2m), followed by the 100 year ARI event (up to 1.4m) and finally the PMF event 
(up to 0.16m). This is due to the culvert upgrade at Lyall St and Walker St, and the channel 
regrading downstream of Lyall St. 

 Figure 3-3 indicates that there is virtually zero difference between the flood levels for Option 
1A+2 (Ultimate Catchment, with Detention – green line) and Option 2 (Ultimate Catchment, 
Lyall St Basin only – orange line). Hence, Option 2 is the preferred option, as it requires the 
construction of only one basin. The flood damages and cost-benefit analyses are based on 
Option 2. 
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 Figure 3-2 Flood Surface Profiles, Existing Catchment Development, with and without Formal Detention 

   

Walker St Lyall St Waratah St Young St 
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 Figure 3-3 Flood Surface Profiles, Ultimate Catchment Development, with and without Formal Detention 

Walker St Lyall St Waratah St Young St 
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3.1.4. Sensitivity Analysis  

The sensitivity of peak flows and flood levels in the 100 year ARI event to the assumed rainfall 
initial loss was assessed. A 5mm initial loss, as per the JWP (2001) study, was used in the 
sensitivity scenario. Table 3-2 compares the peak total flows at each of the XP-RAFTS model 
nodes for the existing catchment, no detention case.  Figure 3-4 presents the resultant flood 
surface profiles. 

 Table 3-2 Comparison of 100 year ARI peak flows – sensitivity to initial losses 

Model Node Peak Flow (m3/s) % Difference from 
Adopted 

Initial Loss 10mm 
(Adopted) 

Initial Loss 5mm 
(JWP 2001) 

1.00 15.38 17.41 13% 
2.00 7.03 7.82 11% 
1.01 28.46 31.95 12% 
1.02 31.31 35.07 12% 
1.03 33.36 37.38 12% 
3.00 3.55 3.84 8% 

1.04d 10.90 13.49 24% 
1.05 11.28 14.14 25% 
4.00 5.20 5.66 9% 

1.06d 10.17 12.55 23% 
1.07 10.24 12.57 23% 
1.08 10.30 12.58 22% 

 
Peak flows are up to 25% greater than the adopted 100 year ARI flows when 5mm initial losses are 
assumed, particularly in the mid to lower sections of West Cowra Drain (downstream of Waratah 
Street). The resultant 100 year ARI flood levels are up to 100mm higher in the sensitivity 5mm 
initial losses scenario. This is a significant difference in peak flood levels which would have 
otherwise overstated the flood risk and flood damages, and justifies the adoption of the 10mm 
initial rainfall loss. 
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 Figure 3-4 Flood Surface Profiles, Existing Catchment and without Formal Detention – Initial Losses Sensitivity 
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3.1.5. Flood Warning and Evacuation 

Review of the Cowra Shire Local Flood Plan (September 2001) indicates that mainstream flooding 
has been considered in the Evacuation Plan for West Cowra, however, local catchment flooding 
occurring in the West Cowra Drain has not been considered. The modelling conducted for this 
study indicates that Walker Street, Lyall Street and Young Road would be cut off during the critical 
5 year ARI event by flows overtopping the roads. Waratah Street would also be overtopped in the 
critical 100 year ARI event, and probably in the 20 year ARI event (this was not assessed). The 
roads are likely to be cut off for a short duration only (several hours). The duration of road flooding 
during the December 2010 flood needs to be confirmed with Council.  

The flood warning time for Lachlan River flooding is stated to be a minimum of 6 hours. The 
warning time for flooding in the West Cowra Drain is thought to be approximately 1-2 hours from 
the start of the storm, given the critical storm duration of 3 hours in the local overland catchment. 
The warning time would be extended if a Severe Thunderstorm Warning or Severe Weather 
Warning is issued by the Bureau of Meteorology prior to the start of the storm, with the risk of flash 
flooding identified in the West Cowra Drain. Local catchment flooding is typically not addressed in 
mainstream flood warnings. 

Some properties located between the West Cowra Drain and the Lachlan River may become 
isolated if local catchment flooding and mainstream flooding coincide, although this is likely to be 
only for a short period due to the likely short duration flooding in the West Cowra Drain. However, 
the local catchment flooding may cause problems if it overtops the roads immediately prior to the 
mainstream flood peak, hence cutting off access routes between key emergency facilities (e.g. 
SES Headquarters, Ambulance station) and the main township when flood emergency preparations 
are taking place.  

3.2. Fitzroy Street Area 

No previous flooding assessment has been undertaken for the Fitzroy Street catchment. This 
section discusses the new hydrologic and hydraulic analysis undertaken by SKM for this 
catchment. 

3.2.1. Nature of Flooding 

Parts of Fitzroy Street have been identified by Council as being potentially at risk from overland 
flooding and inadequate drainage. Runoff is conveyed in flow paths (typically street gutters) down 
the catchment, and collects in the sag in Fitzroy Street, between Railway Street and Kendal Street. 
Flows would firstly collect in the western half of the road before spilling over the road crest into, and 
filling, the eastern side of the road. Both sides of Fitzroy Street have a steep crossfall in this 
location, hence, water would build up to a depth of 0.6m in the gutter, before spilling over the road 
crown. Floodwaters would then flow out of the road corridor through a driveway on a commercial 
premise on the eastern side of Fitzroy Street (Cowra Tyre and Brakes). Flows would then be 
conveyed in an overland flow path and would be stored upstream of the railway embankment, 
before being discharged through a culvert in the railway embankment.  
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The corridor from the road sag and through the Cowra Tyre and Brakes driveway used to be a 
natural flow path until it was piped and built over approximately 30 years ago. There is an existing 
pit and pipe system, which drains the road sag and connects to the culvert under the railway 
embankment, however, this system has only limited capacity. 

A number of commercial properties would potentially be affected by flooding in Fitzroy Street: 

 Waugoola Motors: Flood levels are controlled by either the road crest level (299.24m AHD) or 
the driveway crest level within the Cowra Tyre and Brakes premises (299.22m AHD), 
depending on the storm runoff volume. 

 Cowra Tyre and Brakes: Flood levels are controlled by the driveway crest level within the 
premises (299.22m AHD). 

 Bell’s Super Seconds: Flooding of this store may occur due to high flood levels in the road sag, 
but may also be subject to runoff overflowing from Kendal Street, which has not been 
assessed in this study. 

 Aldi Supermarket: May be affected by high flood levels in the road sag.  

Flood risk to the business properties in Fitzroy Street has been identified and is considered in the 
flood damages assessment. There is also the potential risk to the public and to cars parked in the 
street due to flooding in Fitzroy Street. The existing road geometry at the sag is such that the road 
crown is 0.6m higher than the gutter level. Hence, flood depths are likely to exceed 0.6m during 
significant storm events and would be potentially hazardous to people in the street and is highly 
likely to cause damage to any cars parked in the street. Plate 2 shows flooding in Fitzroy Street 
during the February 2010 storm event. 

 

3.2.2. Hydrologic Modelling 

No previous studies have been undertaken for the Fitzroy Street catchment. A XP-RAFTS 
hydrologic model was therefore set up based on catchment data provided by Council.  The area 
draining to the sag in Fitzroy Street is 26.3ha, represented by a single catchment in the XP-RAFTS 
model with the input parameters contained in Table 3-3. The existing case in terms of catchment 
development was modelled. An ultimate development case was not modelled as the catchment is 
already urbanised and is not likely that further development would greatly change the hydrologic 
characteristics of the catchment. The Fitzroy Street catchment boundary is shown on Plate 2 
Flooding at Fitzroy Street Sag, 5th February 2010. Looking North along Fitzroy Street. 
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Figure 3-5. 

 Table 3-3 XP-RAFTS Parameters for Fitzroy Street Catchment 

Parameter Value  

Area 26.3ha 
Vectored slope 9.54 
% Impervious 38% (measured from aerial photography) 
PERN 0.015 (impervious); 0.025 (pervious) 
Rainfall Losses 10mm Initial loss 

2.5mm/hr Continuing loss 
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 Plate 2 Flooding at Fitzroy Street Sag, 5th February 2010. Looking North along Fitzroy 
Street. 

 
 Figure 3-5 Fitzroy Street Catchment Map 

Floodwaters ponding on western 
side of Fitzroy Street only. No 
ponding on eastern side 

Western 
Storage Eastern 

Storage 

Waugoola 
Motors 
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Imagery source: ESRI, i-cubed, USDA FSA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGP. 

Peak catchment flows were estimated for the 5, 20 and 100 year ARI and PMF events in addition 
to the 10 December 2010 event and are presented in Table 3-4.  It is to be noted that a rainfall 
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depth of 106mm fell over an 8 hour period on 10th December, with an average rainfall intensity of 
13.25mm/hr. The pluviograph data was used to estimate runoff for this event.  

The simulated peak flow resulting from the 10 December 2010 event is lower than the critical 5 
year ARI event.   

 Table 3-4 Peak Catchment Flows, Fitzroy Street  

Event ARI (years) Peak Flow (m3/s) 
Critical Event 

Duration 

10 Dec 2010 2.8 - 

5 3.8 25min 

20 6.3 25min 

100 9.2 15min 

PMF 58.3 15min 
 

3.2.3. Hydraulic Modelling 

A DRAINS model was developed to represent the complex drainage conditions at the sag of 
Fitzroy Street, and included the storages in the western and the eastern side of the street as 
separate storages in addition to a short length of the pit and pipe system. This allowed the flood 
behaviour at this location to be simulated, whereby the western storage has been observed to fill 
up before spilling into the eastern storage. In smaller flood events, only the western storage fills up. 
Refer to Figure 3-6 for an illustration of this flood behaviour. 

The model configuration was validated using the estimated flows during the 10 December 2010 
storm event. The flow hydrographs for modelled storm events were exported from XP-RAFTS and 
input into the DRAINS model. The flooding behaviour during the historic storm event was replicated 
in the DRAINS model, hence, validating the modelling. Flood levels for the 5, 20 and 100 year ARI 
events were estimated in DRAINS. 
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 Figure 3-6 Flood Behaviour at Fitzroy Street Sag 

 

1. Catchment flows to 
Fitzroy Street sag 

2. Floodwaters fill 
Western Storage first 

3. Then spill over road 
crown to Eastern 
Storage  

4. After filling Eastern 
Storage, floodwaters 
flow through driveway to 
the area behind Railway 
Embankment 

Railway Embankment 
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3.2.4. Flood levels 

The flood levels in Fitzroy Street are presented in Table 3-5 for the western and eastern storages 
in Fitzroy Street, separately. The 5, 20 and 100 year ARI event flood levels were estimated using 
the DRAINS model described above. The PMF level was estimated using a HEC-RAS model of the 
Fitzroy Street flow path, including building obstructions. During the PMF, the flood behaviour is 
expected to be influenced by the conveyance of the overland flow path at a macro scale (and 
hence more appropriately represented in HEC-RAS) and would not be significantly influenced by 
the smaller scale flood storage effects within the streetscape, as represented in the DRAINS 
model. 

 Table 3-5 Fitzroy Street flood levels, existing case 

Event ARI 
(years) 

Flood Level  (m AHD) 

Western Storage Eastern Storage 

5 299.31 299.22 

20 299.45 299.45 

100 299.60 299.60 

PMF 300.41 300.41 
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4. Flood Damages and Mitigation Options  
4.1. West Cowra 

4.1.1. Flood Damages 

Flood damages for residential properties in West Cowra were estimated based on the hydraulic 
modelling described in Section 3. The damages were estimated using the Office of Environment 
and Heritage (OEH) flood damages calculation spreadsheet for 2013 dollars. Further assessment 
of the flood damages was undertaken by Council following the Stage 1 Report, and the results are 
presented and discussed in this report. 

The floor levels for the five properties identified in the SMEC (2006) study as being affected by 
above floor flooding in the 100 year ARI event, were updated using floor survey data collected by 
Council for those properties. The updated floor levels were still below the 100 year ARI flood levels 
from the JWP (2001) report. Floor levels at 5 and 7 Hassan Street, which were flooded during the 
February 2010 event and which are in addition to the five properties identified in SMEC (2006),, 
were estimated from ground survey undertaken by Council in 2012. 

The flood damages were estimated for the 5 and 100 year ARI and PMF events, for the existing 
catchment conditions and ultimate catchment development conditions in Table 4-1 and Table 4-2, 
respectively. The Average Annual Damage (AAD) was derived from these results and is also 
tabulated. The number of flood affected properties in each flood event is also summarised. 

 Table 4-1 Existing (No Flood Mitigation) Scenario, Residential Sector Flood Damages for 
West Cowra – Existing Catchment 

Flood Event (ARI) Total Damages * No. of Buildings Flooded 
Above Floor Level 

Total No. of Flood 
Affected Properties 

5 4.2.  
$138
,315  1 8 

100  $231,335  
2 11 

PMF  $2,048,366  
23 29  

AAD $46,500   
* Based on OEH 2007 flood damages guidelines. 
 

 Table 4-2 Existing (No Flood Mitigation) Scenario, Residential Sector Flood Damages for 
West Cowra – Ultimate Catchment 

Flood Event (ARI) Total Damages * 
No. of Buildings 

Flooded Above Floor 
Level 

Total No. of Flood 
Affected Properties 

5 $168,918 1 9 
100 $231,335  2 11 
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PMF $2,094,205  23 29  
AAD $49,650    

* Based on OEH 2007 flood damages guidelines. 

4.2.1. Assessment of Mitigation Options 

A number of flood risk mitigation options were evaluated by SKM and Council for the residential 
properties in West Cowra. Several are potentially feasible for detailed assessment. These are: 

 Construction of a detention basin between Lyall St and Waratah St (“Option 2”);  

 Voluntary house purchase;  

 Diversion channel for drainage improvement;  

 Formation of earth berms to surround flood-affected properties; and  

 Flood proofing of houses (retrofit with flood-durable materials and raising).  

 Construction of a diversion pipe from Waratah St to the Lachlan River adjacent to the Golf 
Course. 

Refer to Appendix E for discussion provided by Council evaluating a comprehensive range of 
stormwater and flood management options.  

A benefit/cost assessment has been undertaken for the detention basin option listed above. The 
feasibility of the remaining options has been qualitatively assessed and is described below. A 
description of each of these options follows: 

 Construction of a detention basin between Lyall St and Waratah St, as per JWP (2001) “Option 
2”. The AAD was calculated for Option 2 (Lyall St Detention Basin), based on running the XP-
RAFTS hydrologic model and the HEC-RAS hydraulic model representing the proposed 
regraded channel and detention basin, and is presented in Table 4-3. 

 Voluntary purchase of flood-affected properties may be a cost-effective option for reducing 
flood damages, although this option is typically reserved for properties within the high flood 
hazard zone. There were no properties identified where the house was within the 100 year ARI 
flood high hazard zone. OEH policy stipulates that grant funding would only be provided for 
voluntary purchase of properties in high hazard areas, the flood damages for the scenario 
where all qualified properties have been purchased has not been estimated. It is noted that a 
number of lots have already been acquired by Council along the Drain to create a floodway 
corridor.  

 Table 4-3 “Option 2” Detention Basin Scenario, Residential Sector Flood Damages for 
West Cowra 

Flood Event (ARI) 
Total Damages 

Existing Catchment Ultimate Catchment 

5 - $10,787 
100 $10,787 $10,787 
PMF $1,877,500  $1,917,891 
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AAD $10,450 $11,700 
Savings in AAD $36,050  $37,950  

* Based on OEH 2007 flood damages guidelines. 

 While the dwelling on 78 Grenfell Road (which includes the olive grove) is not identified as 
being flood affected, voluntary purchase of this property has been considered as a potential 
option. In the past, the property owner did not permit Council to undertake improvements to 
the stormwater pit inlet on this property and hence creation of an easement was not 
considered feasible by Council. Purchase of the property by Council would permit drainage 
improvements (e.g. reinstate the channel and increased pit capacity) to be implemented. The 
improvement to flood hydraulics needs to be assessed before the improvement to flood 
damage costs can be evaluated, although this option is likely to be constrained by the limited 
flow capacity of the downstream pipe network. Upgrades to the downstream pipe network 
capacity (1km from the property to the pipe outlet on the Lachlan River) to cater for the 100 
year ARI peak flow (approximately 10m3/s) have been nominated by Council for further 
investigation, to ensure downstream properties are not affected, though the required conduit 
sizes would be prohibitively large. Potential mitigation options include a pipe to the Lachlan 
River along Showground Lane, and additional storage west of the Showground. Alternatively, 
the flow could be piped to the land that is north of Ribands Way. 

 Creating an easement and constructing a diversion channel along the western boundary of the 
olive grove and connecting it to the existing pipe drainage to the Lachlan River could 
potentially improve flooding conditions on properties on Lyall Street, Walker Street and Hassan 
Street. However, the size of the channel would need to be excessively large to convey the 100 
year ARI flow (approximately 10m3/s) and could result in the flood problem being shifted to 
downstream properties. This option has been nominated by Council as requiring further 
investigation of drainage options to the Lachlan River, as detailed above. 

 The formation of earth berms to surround and mitigate above-floor flooding at flood affected 
properties is potentially feasible, and would need to be at least 220mm higher than the floor 
level (based on the peak 100 year ARI flood level at 42 Walker Street, one of the flood-
affected properties with above-floor flooding), excluding freeboard. Additional ground and floor 
level survey data is required to undertake further assessment. More details, including the 
layout of the properties, are needed to determine where berms could be located. This option 
has not been costed in detail as further assessment is needed. Council identified six houses 
with above floor flooding in the 100 year ARI event, although five of these are outside the 
model extent and could not be evaluated in detail. An indicative cost of forming a 300m long, 
1m high berm for the protection of the six houses is $50,000, assuming suitable fill material 
can be found nearby. 

 Flood proofing of houses with more durable materials is typically not a primary flood mitigation 
option, but is usually considered to be a supplementary measure to other options (e.g. 
construction of detention basins) to further reduce potential flood damages. SMEC (2006) 
identified a number of houses which could be flood proofed. Only one of these houses has 
been identified by SKM to experience above floor flooding in the 100 year ARI event. House 
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raising was not considered to be feasible for properties in West Cowra, since the buildings 
identified as being affected by above-floor flooding are of a brick veneer and concrete slab-on-
ground construction. These types of buildings typically cannot be raised, or are extremely 
expensive to raise. 

 Construction of a diversion pipeline from Waratah St to the Lachlan River adjacent to the Golf 
Course has been identified by Council as a possible mitigation option. This option will require 
further investigation, and the pipeline will have high construction costs due to the excavation 
depths exceeding 3m and the large conduit sizes required. The environmental issues of 
diverting stormwater will also require investigation. Modelling of this option is required to 
confirm themitigation. Council has identified a number of options for the location of this 
pipeline, and the option would need to be assessed to determine the most economically 
feasible option. A possible option to reduce the depth of the pipeline for this option is to install 
a collection pond and pump adjacent to Waratah St, and pump the water to the River, though 
this is unlikely to add significant capacity to the system. 

 Another possible location identified by Council for a diversion pipeline is along Bulkhead Rd, 
from the railway viaduct at Fishburn St. As with the Waratah St diversion line, this option will 
have high costs due to the depths involved, and the location of the pipeline means that only 
25% of the catchment will be intercepted, so there will be minimal effect upon the 100 year ARI 
flood levels downstream. Another alternative to a diversion pipeline at this location is to pipe 
the water along the railway line. 

 

4.2.2. Economic Assessment – Lyall Street Detention Basin 

Based on the savings in AAD highlighted in Table 4-3, a Net Present Value (NPV) of the savings 
was calculated by Council for the Option 2 detention basin, assuming a 7% discount rate and a 50 
year life of the detention basin: 

 Existing Catchment: NPV of savings = $533,544 

 Ultimate Catchment: NPV of savings = $561,823 

The cost for constructing the 5ha Lyall Street Basin is approximately $1.5 million, based on Council 
estimates. Hence, the benefit/cost ratios are (in 2013 prices): 

 Existing Catchment: 36.0
000,500,1$

$533,544
Cost

Benefit
 

 Ultimate Catchment: 37.0
000,500,1$

823,561$
Cost

Benefit
 

The additional costs of the proposed channel regrading works downstream of Lyall Street are not 
included, however, their inclusion would lower the benefit-cost ratio. 

The relativelylow benefit-cost ratios indicate that the Lyall Street Detention Basin does not provide 
sufficient economic benefit in mitigating flood damage to existing properties, regardless of whether 
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the basin is constructed in the existing catchment or fully developed catchment. The assessment 
excludes any future development, as it is assumed that future developments would be designed 
with floor levels above the 100 year ARI event.  

While the basin is not viable in an economic sense, there may be justification for its (or any other 
mitigation measure) implementation if it is likely to reduce the risk of lives lost during flood events. 
Consideration should be made of whether there is a high level of exposure of people to flows of 
high velocity and/or depth, as opposed to “nuisance flooding”, for example if there are homes or 
highly-attended public places within high flood hazard zones. In the case of West Cowra Drain, the 
existing private properties are not located within the main floodway and are not exposed to high 
hazard flood flows in up to the 100 year ARI flood event. Therefore the proposed detention basin 
also is unlikely to be justified from a reduced-loss-of-life standpoint. 

4.3. Fitzroy Street 

4.3.1. Preliminary Flood Damages 

The preliminary flood damages for the commercial properties on Fitzroy Street have been 
estimated based on the flood levels in Table 3-5 and the flood depth versus damages data 
obtained from the property owners.  The estimated flood damages for each ARI flood event and the 
AAD are presented in Table 4-4. 

 Table 4-4 Existing Commercial Sector Flood Damages, Fitzroy Street 

Flood Event (ARI) Total Damages 
5 - 
20 $117,200 

100 $357,200 
PMF $2,674,825 
AAD $25,150 

 

It is noted that the total damages reported in Table 4-4 would appear to be high, particularly for the 
20 year ARI design event, considering that there has been little/no actual flood damages reported 
by the local businesses. A review of the daily rainfall data recorded at Cowra Research Centre on 
Evans Street (Station 063023) indicates that the daily rainfall recorded on 9th December 2010 
(106mm) has only been equalled or exceeded on four occasions. These storm events occurred in 
1956 – 1974, which predates the occupancy of the current businesses (the current owner/manager 
of Cowra Tyres and Brakes has been at the premises since 1995). Further, none of the top ten 
daily rainfall events recorded at Cowra Research Centre have occurred during the period since 
1995.  

While the December 2010 storm event is ranked as the fourth highest daily rainfall recorded at 
Cowra Research Station, it is noted that the hydrologic modelling indicates that the peak flow 
during the historic event did not exceed the 5 year ARI design event flow. Hence, it is plausible that 
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a storm event exceeding the 5 year ARI design storm event has not been observed by the current 
business owners on Fitzroy Street. This is further validated by comparison of the recorded rainfall 
intensity during the December 2010 storm event to the IFD table for Cowra, where the peak 30 
minute critical duration rainfall intensity of 33mm/hour is similar to the 2 year ARI, 30 minute event 
IFD intensity of 34.7mm/hour. 

Flood damages would be experienced in design storms just larger than the 5 year ARI event. 
Pluviograph data for each of the significant rainfall events since 1995 was not available for a 
detailed review of historic storm events in the Fitzroy Street Catchment. 

It is also noted that the apparently high total damages for the 20 year ARI design event are 
influenced by the damages versus flooding depth data provided by Waugoola Motors. For example, 
it was reported that $250,000 in damages would result from flooding at a depth of 0.2m. 

4.3.2. Assessment of Mitigation Options 

Several mitigation options could be implemented in Fitzroy Street to reduce flood levels. Individual 
options include: 

 Regrading the Cowra Tyre and Brake driveway (the driveway) to lower the driveway crest level 
(controlling the ponded water level on the eastern side of the road). This option does not 
remove flooding problems on the western side of the road which currently experiences up to, 
and greater than, 0.6m depth of flooding.    

 Regrading of road profile to allow floodwaters to flow more readily from the western to the 
eastern side of the road. This would involve raising the gutter level and flattening the road 
crossfall. Raising the gutter level on both sides of the street would also reduce the depth of 
flooding (currently up to 0.6m) which would cause damage to cars parked in the street in 
addition to posing a risk to public safety. The existing stormwater pits in the sag would need to 
be replaced with high capacity inlet pits (e.g. 1.5m x 1.5m grated inlet) to ensure that the flood 
levels are not raised by the road regrading. 

Priority needs to be given to regrading the Cowra Tyre and Brake driveway crest, as this is the 
existing control on Fitzroy Street flood levels. Regrading the road would be in combination with 
driveway modification. The PMF level is unlikely to be affected by the mitigation options, and hence 
has been assumed to remain constant. 

Amplifying the existing pipe system was considered to be unfeasible and of limited benefit, due to 
the relatively small increase in flow capacity and high cost. The estimated flood damages for each 
mitigation scheme are presented in Table 4-5. It is noted that the PMF damages are significantly 
higher than the 100 year ARI flood damages, influenced by the potential damages to Waugoola 
Motors, that is, numerous cars in stock would need to be written off. 
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 Table 4-5 Mitigation Case Commercial Sector Flood Damages, Fitzroy Street 

Flood Event (ARI) 
Total Damages 

Regrade Driveway Only Regrade Driveway and Road 
5 - - 
20 $42,500 - 

100 $147,150 $3,150 
PMF $2,674,825 $2,674,825 
AAD $17,900 $13,400 

Savings in AAD $7,250 $11,750 

While there are high savings in estimated damages during the 100 year ARI event for the “Regrade 
Driveway and Road” option, it is noted that the AAD is still relatively high for this option due to the 
distortion resulting from the high estimated damages caused during the PMF. 

4.3.3. Economic Assessment 

Based on the savings in AAD highlighted above, a Net Present Value (NPV) of the savings was 
calculated for the two mitigation works schemes, assuming a 7% discount rate and 20 year life of 
the mitigation works: 

 Regrade driveway only: NPV of savings = $84,232 

 Regrade driveway and road: NPV of savings = $135,957. 

A 20 year design life has been assumed for the driveway regrade at Fitzroy Street as it is 
envisaged that the Cowra Tyre and Brake property could realistically be re-developed at the 20 
year horizon. 

Estimated costs for demolition and reinstatement of the existing driveway and road and waste 
disposal were obtained from Rawlinsons Australian Construction Handbook (2010). Approximately 
600m2 of driveway and 800m2 of road would need to be modified. The benefit/cost ratios are in 
2013prices: 

 Regrade driveway only: 56.0
000,150$
232,84$

Cost
Benefit

 

 Regrade driveway and road: 43.0
000,320$
392,136$

Cost
Benefit

 

Regrading the driveway provides the greater benefit-cost ratio of the two options. However, only 
damages to the commercial properties are included, and excludes the potential damages to cars 
parked in the street and the risk to the public. Flood depths in the street for existing and mitigated 
cases are presented in Table 4-6. 
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 Table 4-6 Depth of Flooding in Fitzroy Street, 5- 100 year ARI events 

Flood Event 
(ARI) 

Scenario 

Existing Regrade Driveway  Only1 Regrade Driveway and Road2 

Western side of street 
5 0.62 0.62 0.10 

20 0.76 0.71 0.24 
100 0.91 0.79 0.38 

Eastern side of street 
5 0.59 0.36 0.22 

20 0.82 0.53 0.34 
100 0.97 0.68 0.48 

1 Lower the high point of the driveway to 298.9m AHD 
2 Additionally, raise the gutter elevations to 298.9m AHD (western side) and 298.8m AHD (eastern side). 
Retain road crown level at 299.24m AHD. 

At present, the gutter level is approximately 0.6m lower than the road crown and the driveway high 
point, with flooding depths exceeding this difference in road level. Regrading the road would allow 
maximum depths of flooding to be reduced significantly, hence reducing the flood risk to the public 
and property in the street, particularly in relatively frequent events such as the 5 year ARI design 
event. The option of regrading both the driveway and the road should therefore be considered. 

The costs if the construction work were to be undertaken by Council staff may be less than those 
estimated from the unit rates in Rawlinsons Australian Construction Handbook 2010. Revision of 
the costs based on Council rates may improve the benefit-cost ratio. 

4.3.4. Flood-proofing of Bell’s Super Seconds Store 

The business named Bell’s Super Seconds, located on the corner of Fitzroy Street and Kendal 
Street, was included in the flood damages assessment for the Fitzroy Street catchment. Floor level 
survey suggests that the premises are located sufficiently high above the Fitzroy Street low point to 
avoid being flooded by ponded water in the low point. However, the manager of the store 
responded to the flood information questionnaire and stated that there had been minor flooding of 
the premises in the past, while the other business surveyed did not report any previous flooding, 
even though they are at lower elevations to Bell’s Super Seconds.  

It is thought that this flooding originated from overflows from Kendal Street, which were not 
analysed during the study. Minor works to the kerb and gutter and footpath on Kendal Street or 
retrofitting of the premises with flood-proofed doors would assist in mitigating future flooding of the 
premises. Regrading the footpath to a lower elevation to provide a step-up at the front door of the 
store is likely to eliminate runoff entering the premises via this door. 

It is recommended that observations be made during future storm events to confirm the nature of 
stormwater flows in this location and the requirements for these mitigation works. 
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5. Summary of Outcomes 
The existing, or pre-mitigation, condition flood damages were estimated for the West Cowra Drain 
and Fitzroy Street catchments. A number of potential mitigation options have been considered for 
each catchment. Discussion is provided below for the options considered, with a summary of 
recommended measures in Table 5-1. 

West Cowra  

In West Cowra, the most feasible mitigation option is considered to be construction of a detention 
basin upstream of Lyall St. The benefit-cost ratio for the existing and ultimate catchment scenarios 
was estimated to be 0.36 and 0.37, respectively, which is considered to be poor and likely to be 
unfeasible. Also, there is not a high risk of loss of life in the West Cowra Drain area which might 
justify the construction of the basin. However, this is likely to be the most cost-effective option 
assessed in detail to date.  

Voluntary purchase of the six flood affected properties was considered as an option, however this 
is typically reserved for purchase of properties in high flood hazard areas, of which there were none 
identified in the study area and was therefore ruled out. Council also foresaw difficulties in getting 
concurrence with the property owners.   

Two alternative options considered for West Cowra, included voluntary purchase of 78 Grenfell 
Road and subsequent drainage improvements on the property, and construction of a diversion 
channel to cater for the 100 year ARI flows in West Cowra Drain. These options would need to be 
considered in further detail, including design of an overland flow path to the Lachlan River, to 
prevent shifting the flooding problem to further downstream. However, the purchase price of the 
property is likely to be prohibitively high, if the owner is willing to sell, and any drainage 
improvements would be limited by the downstream pipe network capacity. 

The option of constructing earth berms surrounding the flood affected properties in Lyall, Hassan 
and Walker Streets should be further investigated. Information on the site layout is needed to 
determine where the earth berms could be located, and subsequently costed in detail. An 
approximate cost of $50,000 has been estimated for a 300m long, 1m high berm, assuming 
suitable fill material can be found nearby. 

The option of constructing a diversion pipeline from the West Cowra Drain to the Lachlan River 
adjacent to the golf course is an option that has been considered. Costs are likely to be around $1 
million, due to the depth of excavation required (exceeding 3m), but this will have a higher benefit – 
cost ratio than the Lyall Street basin option. The limiting factor here is the size of the proposed 
pipe, which will not handle the 5 year ARI flow. An excessively large conduit would be required to 
convey, say half of the 100 year ARI flow, in order to provide noticeable reduction in flood levels on 
residences in the Lyall / Walker Street area. An option for this pipeline is to have a pump installed 
at Waratah Street, though this would not increase the diversion capacity significantly.  
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The impact of local catchment flooding in the West Cowra Drain on flood evacuation is not 
addressed in the Cowra Shire Local Flood Plan. Access routes between key facilities in West 
Cowra (e.g. SES Headquarters, Ambulance station) and the main township could be cut in the 5 
year ARI design event. This could be an issue if local flooding just precedes mainstream flooding, 
when emergency preparation activities are under way. Although the duration of flooding of these 
roads is likely to be relatively short (1-2 hours) it may represent a significant proportion of the flood 
warning time available for the Lachlan River mainstream flood (minimum 6 hours warning time). 
The Lyall Street Detention Basin and subsequent works will help to mitigate the impacts of flooding 
on access. 

Fitzroy Street  

Two options were considered for Fitzroy Street, either regrading the driveway into Cowra Tyre and 
Brake, or regrading both the driveway and kerb and gutter levels in Fitzroy St. Reported minor 
flooding of Bells Super Seconds, on the corner of Fitzroy and Kendal Streets, was also 
investigated. 

Regrading of the driveway into Cowra Tyre and Brake, in addition to regrading the gutter levels in 
Fitzroy Street is less cost-effective than regrading the driveway alone, based only on estimated 
flood damages to commercial properties. However, regrading both the driveway and the gutter 
levels would significantly reduce the depths of flooding in the street and therefore the risk to the 
public and to property, particularly in relatively frequent events such as the 5 year ARI design 
event. Also, regrading the driveway alone will not mitigate flooding on the western side of Fitzroy 
Street. This option is therefore recommended for consideration by Council.   

The option of regrading the kerb and gutter at Kendal Street or the footpath at the front of Bells 
Super Seconds to prevent runoff overflowing from Kendal Street and into the premises should be 
further investigated. Retrofitting the premises with flood-proof doors should also be considered. 
Observations made during storm events would be beneficial to ascertain the pattern of flow and 
hence the nature of required mitigation works.
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 Table 5-1 Summary of Mitigation Options Considered 

Option  Cost  Advantages Disadvantages Priority 
(1 = highest; 3 = 
lowest) 

West Cowra Drain 

Lyall St Detention Basin $1.5M 

 

 Would benefit a number of 
properties 

 Low benefit-cost ratio 

 

3 

Voluntary purchase of six 
identified flood-affected 
properties 

$1.5M 

 

 Eliminates flood-affected properties 
identified by Council 

 None of the properties are in high flood 
hazard area and hence would not 
qualify for OEH funding 

 Would not benefit other properties in 
the floodplain 

 Property owners unlikely to opt to sell 

 If owners decide to sell it is likely to be 
above market value 

3 

Voluntary purchase of 78 
Grenfell Rd (olive grove) 

Not known 

 

 Allows Council to undertake 
drainage improvements as 
necessary 

 Easement was not considered as 
property owner had previously not 
been accommodating to Council’s 
requests to undertake drainage 
improvements  

 Likely high cost of purchase 

 Owner likely to be unwilling to sell and 
at market price 

 Identified drainage improvements e.g. 
pit capacity enlargement would be 
limited by downstream pipe capacity 

 Likely minimal flood improvements 

3 
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Option  Cost  Advantages Disadvantages Priority 
Diversion channel from 
West Cowra Drain, 
around olive grove and 
linking to downstream 
drainage network or new 
overland flow path 

$1M 

 

 Likely flood benefits for properties 
on Lyall St, Walker St and Hassan 
St 

 Large channel size and land-take 
required to accommodate 100 year ARI 
flood 

 May shift flooding problem elsewhere 

 Requires further hydraulic analysis 

3 

Diversion pipeline from 
West Cowra Drain 
(Waratah St) to Lachlan 
River 

$670K 

 

 Shallow trenching depths 

 Would increase the drainage 
capacity downstream of the West 
Cowra Drain 

 Likely flood benefits for properties 
on Lyall Street, Walker Street and 
Hassan Street 

 Likely to be limited in capacity to below 
5 year ARI flow with minor 
improvement to 100 year ARI flooding 

 Requires further hydraulic and flood 
damages assessments 

1 

Diversion pipeline from 
West Cowra Drain (Lyall 
St) to Lachlan River 

<$1M 

 

 Would increase the drainage 
capacity downstream of the West 
Cowra Drain 

 Likely to be limited in capacity to below 
5 year ARI flow with minor 
improvement to 100 year ARI flooding 

 Deep trenching depths, though less 
than Waratah St option 

 Requires further hydraulic and flood 
damages assessments 

3 

Construction of earth 
berms for property flood 
proofing 

(completed) 

$50K 
(prelim est.) 

 

 Relatively low cost 

 Likely to reduce over-floor flooding 
to nominated properties 

 Requires further site-specific 
investigation to determine 
constructability on selected properties 

 

1 
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Option  Cost  Advantages Disadvantages Priority 
Flood proofing of 
buildings with flood-
resistant material 

N/A 

Not 
Assessed 

 Reduces susceptibility of buildings 
to flood damage 

 Typically implemented as a 
supplementary measure in addition to 
structural measures 

1 

Installation of pump out 
well at the Tourist 
Information Centre and 
bored pipeline under 
Boorowa Rd 

$50K 

 

 Reduces duration of closure of 
Grenfell Rd/Boorowa Rd following 
flood/storm events 

 Eliminates need for portable pumps 
to be mobilised and extended road 
closures for the pump hose to cross 
the road. Reduces manning of the 
pumps during operation  

 Small reduction of flood damages to 
affected properties 

1 

Fitzroy Street 

Regrade driveway of 
Cowra Tyre and Brake 

$150K  Higher benefit-cost ratio (0.56) 

 Lower cost and magnitude of works 

 

 Does not improve flooding in the 
roadway or risk to property and people 
due to deep ponding on western side 
of Fitzroy St  

1 

Regrade driveway of 
Cowra Tyre and Brake 
and Fitzroy St road 
profile 

$320K  Significant reduction in flood depths 
in the roadway 

 Reduced risk to property and 
people 

 Larger magnitude of works 

 Lower benefit-cost ratio 

3 
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Option  Cost  Advantages Disadvantages Priority 
Reshaping kerb/gutter 
profile at corner of 
Fitzroy St and Kendal St 

<$100K 
(est.) 

 Reduces risk of stormwater 
overflows. 

 Benefits only one property 

 Needs further investigation 

3 

Install flood-proof doors 
at Bells Super Seconds  

<$5K (est.)  Reduces risk of stormwater 
overflows. 

 Low cost option for localised issue 

 Needs further investigation 3 
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Appendix A Floor Level Survey Data provided by 
Cowra Council 



Cowra Shire Council
Private Bag 342
Cowra  NSW  2794

Phone:  02 6340 2000
Fax:  02 6340 2011
council@cowra.nsw.gov.au
www.cowra.nsw.gov.au

Memorandum
To:    Akhter Hossain - Sinclair Knight Merz

CC:    Michael Carter

From:    Patrick Fitzsimmons Department:   Environmental Services

Date:   1 November 2010

Re:   Cowra Overland Flood Study - Estimated Floor Levels - Fitzroy Street

Urgent For Review Please Comment For Information Please Recycle

Akhter,

Below are the estimated floor levels taken for commercial buildings on Fitzroy Street 
between Kendal Street and Railway Lane.  The information was gathered by surveying from 
state survey marks.

Street Address Estimated Floor Level
Aldi 125 – 131 Fitzroy Street (Lot 1 DP1128 
749) 

Shop floor level 299.983

Waugoola Motors Fitzroy Street (Lots 1 & 2 
DP336696)

Outdoor car yard display area 299.366

Waugoola Motors 175 Kendal Street (Lot 7 
Sec 9a DP1381)

Internal workshop area  299.708

Waugoola Motors 175 Kendal Street (Lot 7 
Sec 9a DP1381)

Service Centre Office accessed from Fitzroy 
Street  300.103

Waugoola Motors 175 Kendal Street (Lot 7 
Sec 9a DP1381)

Showroom accessed from Kendal Street 
301.318

Cowra Tyre & Brake 133 Fitzroy Street (Lot 
1 DP707490)

South building, shop floor area, same as 
workshop floor 299.217

Cowra Tyre & Brake 133 Fitzroy Street (Lot 
C DP161271)

North building 299.328

Bell’s Super Seconds  177 Kendal Street (Lot 
A DP161271)

North Building accessed from Kendal Street 
‘shop’ 300.902

Bell’s Super Seconds  177 Kendal Street (Lot 
A DP161271)

South Building accessed from Fitzroy Street 
storage area 299.685



Regards

Patrick Fitzsimmons
Planning Officer
Phone: 6340 2040



Re-Surveyed 29 September 2010 – As per Progress Report 3 

 

West Cowra 

Drain 

   Re-Surveyed 

from different 

Survey Mark 

54 Lyall Street 0.53 296.330 296.237 

52 Lyall Street 0.43 296.340 296.322 

53 Walker Street 0.06 296.545 295.577 

57 Walker Street 0.05 295.692 295.645 

42 Walker Street 0.14 295.420 296.576 
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Appendix B Pluviograph Data and Observations 
from the 9-10 December 2010 Storm 
Event 



Cowra Shire Council
Private Bag 342
Cowra  NSW  2794

Phone:  02 6340 2000
Fax:  02 6340 2011
council@cowra.nsw.gov.au
www.cowra.nsw.gov.au

Memorandum
To:    Lih Chong,
Water Resources Engineer
Sinclair Knight Merz

CC:    

From:    Patrick Fitzsimmons Department:   Environmental Services

Date:   13 January 2011

Re:   Flooding - Cowra Shire - 9 & 10 December 2010

Urgent For Review Please Comment For Information Please Recycle

Lih,

Please see the below summary of the flooding events which occurred in Cowra Shire on 9 
and 10 December 2010.

9 December 2010
The majority of flooding within the Cowra township occurred on the 10 December 2010, 
though Fitzroy Street experienced some flooding in front of Waugoola Motors Southern 
workshop driveway on Thursday 9 December.

10 December 2010
West Cowra Drain

Lyall Street
Floodwaters inundated Fragers Park which spans between Lyall and Walker Streets.  The 
flood waters spread from the park area into a number of adjoining residential properties, 
but no waters are believed to have entered residences. Floodwaters did not flow over Lyall 
Street but passed through the stormwater piping under the road.

Walker Street
Floodwaters did run across Walker Street and pooled on the road for a length of time.  
Floodwaters entered the allotment addressed No. 57 Walker Street, but are not believed to 
have entered the dwelling-house.  It is believed that water pooled in this area as it was 
unable to disperse rapidly enough out of a partially blocked stormwater pipe outlet 
positioned on private land containing a plantation of olive trees.  It is believed that clearing 
of this outlet and some additional works would remedy any water being trapped and 



pooling.  The owner has in the passed however refused to allow Council access to perform 
such maintenance.

Hassan Street
As a result of the same outlet blockage, floodwaters have spread into Hassan Street 
entering the dwelling-house addressed 7 Hassan Street.  Floodwaters also entered the 
garage in the neighbouring property addressed 5 Hassan Street.  

Fitzroy Street

On Thursday 9 December 2010, a storm event which occurred resulted in an amount of
water pooling in the Southern driveway outside of Waugoola Motors.

On Friday 10 December 2010, a storm event resulted in the pooling of water in the most 
Southern driveway area entering into the Waugoola Motors workshop, and spanning from 
the driveway area south up to Railway Street.

The pooling water was deep enough to prohibit access to the workshop area via that 
driveway.  Floodwaters crossed the footpath and grass verge in front of Waugoola Motors 
but did not enter the building or allotment area.  Floodwaters did not spread into the
Waugoola Motors outdoor car display area.

Minimal amounts of water pooled in the driveway area entering Cowra Tyre and Break on 
the opposite side of Fitzroy Street.  No access was restricted to the business.

Floodwaters did not rise to a level in which they crossed the road apex (middle).

Lachlan River

The Lachlan River peaked on the Cowra Bridge gauge at 12.1 metres on Friday 10 
December 2010. The floodwaters spread to cover Edgle Park playing fields on the rivers 
West side, but did not rise enough to cross Lachlan Valley Way.

Laclan Steel, Young Road
If the River is in flood, stormwater collected in the West Cowra stormwater system area 
are unable to disperse into River and is thought to have collected in the stormwater system 
and dispersed into Lachlan Steel located at 1 – 9 Young Road, Cowra.

Grenfell Road
An amount of water crossed the Grenfell Road behind the Mobile Service station situated 
on the corner of Young and Grenfell Roads.  The water was too deep for traffic to pass 
through it and the road was closed off, and traffic diverted.

Waugoola Creek

Waugoola Creek flooded over Darby’s Falls Way and the road had to be closed.  The 
majority of the land surrounding Waugoola Creek within the Cowra township area is farm 
land, with the exception of a small number of houses situated on Main Street off the Mid 
Western Highway.

Regards



Patrick Fitzsimmons
Planning Officer
Phone: 6340 2040
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Appendix C Summary of Community 
Questionnaire Responses – West 
Cowra 



File Note 

 

Date 1 July 2010 

Project No EN02807 

Subject Cowra Overland Flooding Study - Responses Received from the 
Community on the Questionnaire 

 

 

SINCLAIR KNIGHT MERZ   
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1.1 Purpose 

A questionnaire was distributed to residents and businesses within the study area in order to 

understand the community’s experience of flooding, identify areas that are flood-prone and to 

gauge the community’s priorities regarding floodplain management.  This file note provides an 

analysis on the responses provided by the community on the questionnaire.  

1.2 Distribution of Questionnaire 

A letter and a questionnaire were distributed to areas by post and doork-nock letter drop in 

West Cowra, along the Lachlan River and an area surrounding Fitzroy Street.  The local SES 

assisted Council Officers in distributing the letter and the questionnaire in the last week of 

May 2010. In total 243 questionnaires were distributed by Council and Council received 94 

responses including one response from a resident of Boorowa who also works in Boorowa.     

1.3 Analysis of Responses       

Boorowa is located outside Cowra, and hence the response received from a resident of 

Boorowa was excluded from the analysis and as a result responses received from 93 

respondents were analysed.  On the basis of the information provided by 93 respondents, 

location of 78 properties where the respondent resides or works was identified.  The 

distribution of the properties based on streets is given in Table 1.  Ten (10) responses were 

received from residents of Targala Street followed by 7 residents from Grenfell Road and 6 

residents from both Baramall Street and Lyall Street. 

 

 

 

 

 

 

 

 

 



Cowra Overland Flooding Study - Responses Received from the Community on the Questionnaire 

1 July 2010 

 

SINCLAIR KNIGHT MERZ       
The SKM logo trade mark is a registered trade mark of Sinclair Knight Merz Pty Ltd.  

I:\ENVR\Projects\EN02807\Technical\Consultation\File Note 1 Responses on Questionnaire 1Jul2010.doc PAGE 2 

 

� Table 1 Distribution of Respondents 

Street 

No. of 

Responses 

Bramall Street 6 

Courallie Street 1 

Cowra Road 2 

Dawson Drive 1 

Fishburn Street 1 

Fitzroy Avenue 1 

Fitzroy Street 4 

Grenfell Road 7 

Haig Street 3 

Hartley Street 1 

Kendal Street 2 

Lachlan Street 1 

Lachlan Valley Way 1 

London Drive 1 

Lyall Street 6 

Mulyan Street 1 

Railway Street 5 

Ribands Way 4 

River Park Road 2 

Shelley Street 2 

Taragala Street 10 

Walker Street 5 

William Street 5 

Young Road 6 

Sub-total 78 
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� Table 2 Responses Received from the Community on the Questionnaire 

Question 
No. 

Description 
Response 

1 Do you live (reside) or 

have lived in the past in 

the areas (West Cowra or 

Fitzroy Street area) shown 

on the attached plan ?  

� Yes (75) 

� No (18) 

2 Do you own or rent your 

residence in the study area 

(West Cowra or Fitzroy 

Street area)?   

� Own (71) 

� Rent (3) 

� Average duration lived in the area (17 years 

based on 43 responses) 

3 Do you own or manage a 

business in the study area? 

� Yes (25) 

� No (58) 

4 What kind of business? 

 

 

� Home based business (3) 

� Shop/commercial premises (8) 

� Light industrial (4) 

� Heavy industry (2) 

� Others (12) 

5 Have you had any 

experience of flooding 

(due to storm events as 

well) in and around where 

you live or work? 

� Yes (27) 

� No (63) 

 

6 How deep was the 

floodwater (from storm 

water as well) in the worst 

flood/ storm event that 

you experienced? 

 

� Depth (0.05m – 2m based on 12 responses) 

� Year : 1974 (1); 1988 (1);1990 (6); 1991(1); 

1996 (1); 2009 (1); 2010 (2) 

� Location 

� House (9) 

� Work (5) 

� Elsewhere (7) 

7 How long did the 

floodwaters stay up? 

� Few minutes (0) 

� Less than one hour (3) 

� More than one hour (21) 

8 What damage resulted 

from this flood in your 

residence?  

 

Nature of Damage 

� None (0) 

� Minor (3) 

� Moderate (0) 
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Question 
No. 

Description 
Response 

� Major (0) 

Type of Flood Damage  

� Damage to garden, lawns or backyard (3) 

� Damage to external house walls (0) 

� Damage to internal parts of house (0)  

� Damage to Possessions (0)  

� Damage to car (0) 

� Damage to Garage (0) 

� Other damage (0) 

Cost of Repair (0) 

9 What damage resulted 

from this flood in your 

business? 

  

Nature of Damage 

� None (0) 

� Minor (3) 

� Moderate (0) 

� Major (0) 

Type of Flood Damage  

� Damage to surroundings (2) 

� Damage to buildings (0) 

� Damage to stock (0) 

� Other damage (1 carpet damage) 

Cost of Repair (0) 

10 Was vehicle access 

to/from your property 

disrupted due to 

floodwaters during the 

worst flooding/ storm 

event? 

� Not affected  (12)  

� Minor disruption (5) 

� Access cut off (7) 

11 What information can you 

provide on past floods/ 

storm events that created 

flooding?  

 

� No information (5)   

� Information on extent or depth of floodwater 

at particular locations, newspaper clippings or 

other images on the past floods (1) 

� Any permanent marks indicating maximum 

flood level for particular floods (3) 

� Memory of flow directions, depth or 

velocities (9) 

12 Do you consider that 

flooding of your property 

has been made worse by 

� Yes (4) 

� Unsure (5) 

� No (16) 
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Question 
No. 

Description 
Response 

works on other properties, 

or by the construction of 

roads or other structures? 

13 Do you have any 

photographs of past floods 

that would be useful for 

the consultant to help him 

understand the area 

flooded or other flood 

effects?   

� Yes (3) 

� No (18) 

 

14 Do you expect to 

undertake any further 

development on your land 

in the future? 

 

 

� No (57)  

� Minor extensions (7)  

� New building (9) 

� unsure (26) 

� Other (3) 

15 Have you undertaken any 

steps to obtain approvals 

for further development 

on your land? 

  

� No (75)  

� Made preliminary enquires with Council (4) 

� Engaged someone to prepare plans (1) 

� Lodged plans with Council (2)  

� Have approved plans but not proceeded (6) 

16 Please rank the following 

development types 

according to what you 

consider should be 

assigned greatest priority 

in protecting from 

flooding (1 = greatest 

priority to 7 = least 

priority). 

Greatest Priority  

� Commercial (8) 

� Industrial (4)  

� Residential (55)  

� Community facilities (7)  

� Critical utilities (20)  

� Minor development and additions (3) 

� Recreation areas and facilities (4) 

17 What notifications do you 

consider Council should 

give about the potential 

flood affectation of 

individual properties?  

 

 

� Advise every resident and property owner on 

a regular basis of the known potential flood 

affectation (48)  

� Advise every resident and property owner on 

a regular basis of Council’s policies on the 

control of land potentially affected by 

flooding (36)  

� Advise prospective purchasers/developers on 
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Question 
No. 

Description 
Response 

the control of development on land 

potentially affected by flooding (57) 

� Provide no notifications (7)  

18 Please place numbers 

(from 1 to 4) in the boxes 

to rank the following (1 = 

highest importance): 

 

Highest Importance 

� Protecting Residents/business from flooding 

(49) 

� Protecting land of residents/businesses from 

flooding (8) 

� Maintaining flood free access to property (9) 

� Providing flood warning (27) 

19 Do you wish to comment 

on any other issues 

associated with the 

Overland Flooding Study? 

� Comment Provided (16) 

20 Do you wish to remain on 

the mailing list for further 

details, Newsletters etc? 

� Yes (47) 

�  No (36) 

21 If you would like, please 

provide details of where 

you live and how we can 

contact you if we need to 

follow up on some details 

or seek additional 

comment.   

� Contact details provided (60) 

 

 Additional Comments  � Provided (10) 
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Appendix D SES Flood Intelligence Report – 
Lachlan Valley December 2010 and 
March 2012 Floods 
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Appendix E Council Evaluation of West Cowra 
Stormwater Flooding Management 
Options 



West Cowra Stormwater Flooding Investigation 

 

A number of possible options to alleviate stormwater flooding in West Cowra were investigated to 
determine feasibility and effectiveness. 

These are listed below and are shown on the attached map. 

1. West Cowra Watercourse Ponding Volumes 

This is an approximate calculation of road embankment upstream ponding volumes at each of the 
road crossings of the West Cowra watercourse based on existing survey information and was used to 
give an understanding of shape of the watercourse at each point. 

Young Rd Crossing -  17 ML 

Waratah St  - 15 ML 

Lyall St   - 15 ML 

Walker St  - 0.6 ML 

2. Survey Commelia Rd 

Used to provide survey information to determine storage bounds for option 3. 

3. Ponding Area West of Showground Lane 

This option was investigated to determine if an offline storage area was feasible for the watercourse 
with a separate pipeline to the river to alleviate the existing West Cowra stormwater pipeline issues. 

It was found that there was insufficient fall in the river to allow a free outlet (not affected by river 
levels) to allow this ponding area to drain away. The proposed pipe outlet was at flood gauge level 
10m, a moderate level flow in the river would prevent discharge from this offline storage. 

Available ponding storage was calculated to be between 27 ML - 43 ML, however, it was deemed 
unfeasible as a pump out line would be required and the area will submerge in floods above 12.5m 
river flood gauge. 

4. Olive Grove Pipeline to Storage Area West of Showground Lane 

Part of option 3, this pipeline was considered to work in conjunction with the proposed storage area 
in option 3. 

It was discarded as the option 3 storage area was deemed unfeasible. 

5. Showground Overflow Basin 

An overflow basin of 1700m3 was designed in a passive area of the showground with a pipeline to 
connect into the West Cowra stormwater system in Grenfell road. The intention of this basin is to 
provide extra storage to allow the pump out system of option 6 some time to attempt to reduce the 



water backing up in the pipeline caused by high flows in the river closing the outlet flap on the main 
pipeline. 

At present when the river reaches 8.5m the outlet pit submerges and pipeline outlet capacity is 
significantly reduced. Depending on the flood gauge level that the pump(s) are engaged to pump out 
the pipeline, this basin can assist by providing an offline storage for flows coming from either the 
West Cowra watercourse or from residential and industrial areas east of the watercourse. 

This project is estimated to cost $70,000 to implement. 

 

6. Pump Out Well Edgell Park 

An investigation of the area in the vicinity of the Rose Garden Kiosk and Edgell Park was conducted 
to determine the most suitable location for a pump out well for the West Cowra stormwater 
pipeline. 

It was decided that the most feasible location was in the car park immediately north of the Kiosk 
from the same inlet pit that was used during the floods of February 2012. This is because of the 
depth of the pipeline (greater than 5m) creating a number of construction issues in the Edgell Park 
car park and the car park being closer to the river and access being affected sooner by rising river 
levels. 

During floods of 2012, the northbound lane of Boorowa road was closed to traffic to allow a pump 
hose to discharge stormwater over the crown of the road to flow on to the river. This caused the 
closure of northbound traffic and created the disruption and the need for 24 hour manning of the 
road closure which drew manpower away from road flooding duties. 

It is proposed to under bore Boorowa road and install two conduits to allow two 150mm pump lines 
to be used simultaneously in future to allow greater dewatering capacity should rainfall events occur 
whilst the river is in flood. At present, inundation of properties may occur in the vicinity of Shelley 
Lane where it intersects with Young Road. 

The use of two portable pumps will allow the pumping of approximately 0.7 ML per hour from the 
pipeline. 

Council is providing funding in the 2012/2013 financial year to proceed with this project subject to 
approval from Roads and Maritime Services for the Boorowa Road under bore. The project is 
estimated to cost $50,000. 

7. Bulkhead Road Diversion Pipeline 

A conceptual design was prepared to construct a diversion stormwater pipeline from the area south 
east of the railway viaduct on Bulkhead road. This stormwater pipeline was intended to divert water 
to the river east along Bulkhead road, however, was discarded as the pipeline would be very deep at 
average depths of 6 metres increasing construction costs. 



Additionally it is also well upstream in the watercourse and consequently would have limited 
catchment area to drain as compared to the pipeline options 11-14. The catchment area at this point 
represents approximately 30 percent of the total catchment area and is expected to remain as 
farmland and to not contribute to significant increases in stormwater runoff. 

8. Railway Corridor Pipeline 

This option was investigated to determine if a diversion stormwater channel or pipeline from the 
area north west of the railway viaduct on Bulkhead road was feasible. This stormwater pipeline was 
intended to divert water to the river east along the railway corridor, however, was discarded as the 
pipeline would be very deep increasing construction costs. 

Additionally it is also well upstream in the watercourse and consequently would have limited 
catchment area to drain as compared to the pipeline options 11-14. The catchment area at this point 
represents approximately 42 percent of the total catchment area and a large portion is expected to 
remain as farmland and to not contribute to significant increases in stormwater runoff. 

The upstream end of the drainage system lies in a depression and this adds significant depth to the 
system making it uneconomical proposition. 

 

9. Additional Survey to Provide Ground Levels 

Considerable survey work was carried out to provide ground levels in areas not previously surveyed 
these are marked as "9" on the map. 

10. Shelley Lane 

The lane was inspected and reconstructed to prevent stormwater flooding the Lachlan Steel 
Premises. Stormwater was redirected to the existing stormwater pit immediately north of the site. 

11. Waratah St Diversion Pipeline 

This option was investigated to determine if a stormwater pipeline from the area south of Waratah 
street in the West Cowra watercourse was able to divert stormwater  to the river to relieve the load 
on the West Cowra pipeline during flood events. 

Initial concept designs focused on a 600mm diameter gravity stormwater pipe system 1155m in 
length discharging stormwater from the watercourse at flood gauge level 21m to area east of 
Boorowa Road at flood gauge level 15.6m. This system was seen to provide a feasible solution 
because the inlet level is 5m higher than the outlet and would therefore continue to work even in 
the highest flood level in the river. 

At the inlet point, this stormwater system has 98 percent of the catchment area with a redirection 
channel from the Lyall Street culvert south to the proposed detention basin. It is expected that this 
pipeline would have a significant effect on the behaviour of the watercourse in higher recurrence 
interval storms (1 to 5 year ARI). Preliminary design of this pipeline shows that maximum flow of up 
to 350 L/s may be possible which equates to 1.2 ML per hour. 



The depth of the pipeline due to the length of the system and the significant flat area of Waratah 
Street east of Young Road, created pipe depths of 7m in sections and the pipeline was estimated to 
cost $1.64 million. 

A variation to this design was developed to use a pumped stormwater line instead of a gravity 
stormwater main in conjunction with a 20ML detention basin. The use of a pumped line allows the 
stormwater line to be laid at normal water main depths of around 1m instead of up to 7m depth and 
also allows the use of a 200mm pipe which requires a narrow trench leading to lower construction 
costs. This variation was estimated to cost $0.67 million. 

A 20ML detention basin, as part of this option (also separately identified as option 16), increases the 
watercourse ponding capacity and reduces the watercourse inundation width in the area north of 
Lyall Street, by redirecting stormwater flowing east along Lyall Street into the proposed basin. 
During normal rainfall events the pump will also be able to be used to allow cycling of the pump and 
system using an automatic start-up system. 

12. Kollas Dr Diversion Pipeline 

This option was investigated to determine if a stormwater pipeline from the area south of Waratah 
street in the West Cowra watercourse was able to divert stormwater  to the river to relieve the load 
on the West Cowra pipeline during flood events. 

It is a shorter pipeline length variation of option 11 and shallower depth, but was discarded as it 
crosses the golf course and was deemed to cause an unacceptable impact during construction on the 
golf course. 

13. Mees St Diversion Pipeline 

This option was investigated to determine if a stormwater pipeline from the area south of Waratah 
street in the West Cowra watercourse was able to divert stormwater  to the river to relieve the load 
on the West Cowra pipeline during flood events. 

It is a shallower depth pipeline  variation of option 11, but was discarded as it crosses the golf course 
and was deemed to cause an unacceptable impact during construction on the golf course and also 
disturb the area east of the Edgell Park Kiosk. 

14. Lyall St Diversion Pipeline 

This option was investigated to determine if a stormwater pipeline from the area south of Lyall 
Street in the West Cowra watercourse was able to divert stormwater  to the river to relieve the load 
on the West Cowra pipeline during flood events. 

It is a pipeline variation of drawing stormwater from further downstream in the West Cowra 
watercourse, but was discarded as it crosses the golf course and was deemed to cause an 
unacceptable impact during construction on the golf course and is also a deep trench pipeline which 
was deemed uneconomical. 

 



15. Olive Grove Pipeline 

This option involves the extension of the existing West Cowra stormwater pipeline along the 
northern and western boundaries of the Olive Grove to prevent overland flow diagonally across the 
Olive Grove during rainfall events. 

At present the open channel has  restrictions in stormwater capacity due to grass and tree 
branch/leaves obstruction and silting. 

The diagonal flow across the Olive Grove prevents future development of this land and should be 
corrected and contained within a drainage easement. 

There are two variations to this pipeline, a shallow pipeline which extends the current pipeline to the 
Walker Street culvert estimated to cost $0.56 million and a deeper version which extends to and 
drains the proposed detention basin of option 16 which is estimated to cost $0.88 million. 

 

16. West Cowra Basin 

This option involves the construction of a detention basin to provide a temporary stormwater 
ponding area  to provide a significant effect on the control of stormwater discharge from the 
watercourse in higher recurrence interval storms (1 to 5 year ARI) which would reduce the peak 
pump flow rate required to assist in removing water from the pipeline at the option 6 location at the 
Rose Garden Kiosk pump out well. 

This basin was initially sized at 20 ML but could be varied up to 100 ML and would need to be 
hydraulically modelled to determine the optimum size and consideration given to the amount of 
funding which Council would be prepared to allocate for construction. 

Scope exists to redirect stormwater flowing along Lyall Street, from catchment areas west of Hartley 
Street, into the basin, to reduce peak flows through the Olive Grove and through the West Cowra 
pipeline. 

The critical issue identified during recent flooding in 2010 and 2012 was that should further rainfall 
have occurred whilst the river was in flood, increased localised flooding will occur on private land at 
the intersection of Shelley Lane and Young Road. This is because the river reduces the discharge 
capacity of the existing pipeline.  

This basin would provide an additional 20 ML of online storage which would give the pump(s) 
located for option 6 an opportunity to pump out the pipeline to reduce flooding potential in the 
Shelley Lane area. 

17. Rankin Street Pipeline 

This option is aimed at reducing flooding and overland flows on private property coming from a sub-
catchment in the north west area of Rankin Street. 

 



18. River East Side Flood Flaps 

It is proposed to fit flood flaps to each of the stormwater pipe discharge points on the east bank of 
the river to delay the inundation of Taragala Street and to reduce the requirement of S.E.S. 
intervention with sandbagging of stormwater pits until a higher flood gauge level is reached in the 
river. 

At present river flooding can backflow into five of the six pipes discharging into the river from 
pipelines south of Kendal Street.  Ground surveys show that sections of Taragala Street are at 13m 
flood gauge level and installing self closing flood flaps should reduce the chance of surcharging 
stormwater pits before flood levels reach 13m. The flood flap locations are marked as "18" on the 
map. 

19. Waratah Street Channel 

It is proposed to investigate a design of a stormwater pipe discharge points on the east bank of the 
river to delay the inundation of Taragala Street and to reduce the requirement of S.E.S. intervention 
with sandbagging of stormwater pits until a higher flood gauge level is reached in the river. 

 

Recommendations: 

The following options are short listed for consideration for implementation 

Option   Description 

6  Pump Out Well Edgell Park 

11  Waratah St Diversion Pipeline 

15  Olive Grove Pipeline 

16  West Cowra Basin 

17  Rankin Street Pipeline 

18  River East Side Flood Flaps 

19  Waratah Street Channel 
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